1. Introduction {#sec1}
===============

Stroke is the major cause of disability worldwide \[[@B1], [@B2]\]. A number of neurological functions are impaired by stroke; the most common impairment is motor disability contralateral to the stroke lesion side \[[@B3]\]. Despite rehabilitation, the motor function outcome after stroke is often incomplete, and dexterity deficits are a considerable handicap to stroke survivors \[[@B1]\]. Therefore, various strategies are developing that aim to enhance motor recovery \[[@B4]--[@B6]\]. Motor recovery after stroke is related to neural plasticity, which refers to the ability of the brain to develop new neuronal interconnections, acquire new functions, and compensate for impairment \[[@B7], [@B8]\]. The mechanisms of neural plasticity in motor function recovery after stroke are well documented for both animal and human models. Reorganization induced by neural plasticity includes modulation of neural activation within the remaining motor area network to maximize neural resources for motor recovery \[[@B7], [@B9]--[@B11]\].

Repetitive transcranial magnetic stimulation (rTMS) and transcranial direct current stimulation (tDCS) are noninvasive brain stimulation (NIBS) techniques that can alter human cortex excitability \[[@B12]\]. Transcranial magnetic stimulation (TMS) is a non-invasive method of stimulating the cortex through the scalp and skull. TMS involves using a wire coil placed over the scalp to generate a short-lasting, local magnetic field. When the pulsed magnetic field enters the brain, it creates an electrical current that flows through neurons, inducing neuronal depolarization. rTMS is defined as repetition of TMS; high-frequency rTMS increases cortical excitability, whereas low-frequency rTMS suppresses cortical excitability \[[@B12]\]. Theta burst stimulation (TBS) has also been reported as an effective rTMS method. It uses repeating bursts of very low intensity combined-frequency rTMS \[[@B13]\]. Each burst consists of 3 stimuli (delivered at 50 Hz) repeating at 5 Hz. TBS can be used in 2 ways: a continuous train is used to suppress cortical excitability and an intermittent pattern is used to enhance cortical excitability. tDCS is another commonly used NIBS technique. Although compared to rTMS, tDCS has been studied for much longer in animals, only recently have the tDCS mechanisms of action been investigated in human studies \[[@B14]\]. tDCS does not cause neuronal depolarization. Rather, it modulates the neuronal membrane potential through polarizing currents by weak constant direct current, thereby influencing the levels of excitability and modulating the spontaneous firing rate of neurons. There are 2 types of tDCS: anodal tDCS increases the excitability of the stimulated cortex, whereas cathodal tDCS decreases the excitability of the stimulated cortex \[[@B15]\].

Many reports have shown that NIBS techniques help improve the efficacy of rehabilitative strategies employed after stroke by using physiological peculiarity that can alter the cortical excitability. The idea is that modulation of cortical excitability may induce neural plasticity and/or interfere with maladaptive neural activation, which subsequently weakens motor function and limits motor recovery \[[@B16]\]. However, the mechanisms underlying motor recovery after NIBS therapy remain to be elucidated, and effective NIBS methods remain insufficiently proven or widespread. This review focuses on 4 important factors regarding NIBS for stroke patients with hemiparesis: (1) the mechanism of NIBS therapy for motor recovery, (2) inhibitory and excitatory NIBS, (3) the influence of clinical factors on effects of NIBS, and (4) combination of NIBS with other therapies and bilateral NIBS. The purpose of this paper is to provide a comprehensive overview of NIBS for motor stroke, to understand its mechanisms, and suggest approaches for appropriate cortical reorganization.

2. Mechanism of NIBS Therapy for Motor Recovery {#sec2}
===============================================

NIBS therapy for motor stroke aims to augment neural plasticity and improve motor function based on the interhemispheric competition model. The interhemispheric competition model proposes that motor deficits in stroke patients are due to reduced output from the affected hemisphere and excessive interhemispheric inhibition from the unaffected hemisphere to the affected hemisphere \[[@B17], [@B18]\]. Therefore, using NIBS, improvement in motor deficits can be achieved by increasing the excitability of the affected hemisphere or decreasing the excitability of the unaffected hemisphere \[[@B19], [@B20]\]. No relevant adverse effects of NIBS, such as epileptic seizure induction, have been reported to occur in stroke patients when current safety guidelines regarding the intensity, frequency, and time of stimulation are adhered to \[[@B21], [@B22]\]. So far, no study has reported different effects of rTMS and tDCS on motor improvement in stroke patients. Therefore, in this section, we discuss the mechanism of the NIBS therapy for motor recovery after stroke, without distinguishing between rTMS and tDCS.

2.1. NIBS Modulates Cortical Neural Plasticity {#sec2.1}
----------------------------------------------

Several studies have reported the neurophysiological changes in stroke patients after NIBS using TMS techniques \[[@B18], [@B23]--[@B26]\]. Inhibitory NIBS increases excitability in the ipsilesional motor cortex by reducing the excessive interhemispheric inhibition from the contralesional motor cortex \[[@B18], [@B25]\]. Excitatory NIBS over the affected hemisphere directly increases the excitability of the ipsilesional motor cortex \[[@B23], [@B24], [@B26]\]. Excitability enhancement in the motor cortex appears to be required for motor learning \[[@B27], [@B28]\]. Therefore, NIBS can facilitate motor learning and induce motor recovery by directly or indirectly increasing the excitability in the ipsilesional motor cortex. In fact, compared to motor training or NIBS alone, pairing motor training with NIBS results in prolonged performance improvements and functional neural plasticity in the ipsilesional motor cortex \[[@B18]--[@B20], [@B25]\]. Studies using functional neuroimaging have found that cerebral blood flow of the ipsilesional motor cortex is increased after inhibitory NIBS over the unaffected hemisphere and excitatory NIBS over the affected hemisphere \[[@B29], [@B30]\]. These NIBS-induced metabolic changes may also promote neural plasticity and motor recovery after stroke \[[@B29]\]. Moreover, excitatory NIBS over the affected hemisphere can induce long-term potentiation-like changes in the affected hemisphere and promote motor recovery after stroke \[[@B26]\]. Therefore, NIBS may resolve impairment of experience-dependent plasticity in the affected hemisphere after stroke \[[@B16], [@B31], [@B32]\]. Furthermore, cumulative NIBS has been shown to be important for continuous motor improvement \[[@B33], [@B34]\]. This result indicates that neural plasticity is consolidated by cumulative NIBS intervention. These findings suggest that artificially modulating the cortical excitability by NIBS may induce a more suitable environment for neural plasticity. NIBS can be an important technique in the rehabilitation of stroke patients; providing motor training along with NIBS and conducting NIBS cumulatively will help sustain the effect of NIBS and improve motor function.

2.2. Modulating the Neural Network in Stroke Patients {#sec2.2}
-----------------------------------------------------

In addition to excitability modulation in the ipsilesional motor cortex, NIBS may modulate the neural network in both hemispheres to induce motor recovery. Studies using functional magnetic resonance imaging and electroencephalogram may help to elucidate the effects of NIBS therapy for stroke on the motor cortical network. A neuroimaging study revealed that inhibitory NIBS over the unaffected hemisphere reduced the pathological hyperactivity in the primary and nonprimary motor cortices in the unaffected hemisphere \[[@B35]\]. Excitatory NIBS over the affected hemisphere has been shown to reduce neural activity in the contralesional motor cortex, in addition to facilitation of the ipsilesional motor cortex \[[@B30]\]. Moreover, inhibitory NIBS over the unaffected hemisphere reduced the connectivity of both hemispheres and enhanced coupling between the primary and nonprimary motor cortices in the affected hemisphere \[[@B36], [@B37]\]. Enhanced excitability in the unaffected hemisphere inhibits the affected hemisphere via excessive interhemispheric inhibition and weakens motor function of the paretic side \[[@B17]\]. Moreover, it has been reported that the nonprimary motor cortices may contribute to motor recovery after stroke \[[@B38], [@B39]\]. Although the change in neural coupling after excitatory NIBS remains unclear, normalized excitability of both hemispheres and reconstruction of effective connectivity between the primary and nonprimary motor cortices in the affected hemisphere after NIBS may contribute to motor recovery in stroke patients ([Figure 1](#fig1){ref-type="fig"}).

3. Inhibitory and Excitatory NIBS {#sec3}
=================================

An important concern for clinicians and stroke patients is what kind of stimulation parameter is most effective for motor recovery. A recent meta-analysis study of rTMS on upper limb motor function in stroke patients reported that low-frequency rTMS over the unaffected hemisphere might be more beneficial than high-frequency rTMS over the affected hemisphere \[[@B40]\]. Although more researchers have begun to evaluate the effectiveness of different NIBS stimulation protocols for motor recovery after stroke, further well-designed studies in larger populations are required to identify the most effective types of NIBS from various protocols, including tDCS for stroke treatment. Therefore, at present, clinicians have to select the NIBS type by considering the advantages and disadvantages. In this section, we broadly divide NIBS into 2 types inhibitory and excitatory considering the interhemispheric competitive model. We describe the peculiarity of inhibitory and excitatory NIBS for motor stroke and discuss the optimal stimulation intensities for inhibitory and excitatory NIBS.

3.1. Inhibitory NIBS over the Unaffected Hemisphere {#sec3.1}
---------------------------------------------------

An advantage of NIBS over the unaffected hemisphere is that its response is more uniform than of stimulation over the affected hemisphere, because the unaffected site is less likely to be affected by neuronal loss or tissue damage \[[@B41]\]. Moreover, inhibitory NIBS over the unaffected hemisphere is expected to be safer with respect to any potential seizure risk (particularly in case of rTMS) or tissue damage \[[@B22]\]. However, inhibitory NIBS has a risk of deteriorating some motor functions by reducing excitability of the stimulated cortex. One possible risk is the deterioration of nonparetic motor function that may occur by downregulation of the contralesional motor cortex. However, several studies reported that inhibitory NIBS over the unaffected hemisphere did not change the motor function of the nonparetic side \[[@B35], [@B42]\]. Second, inhibitory NIBS therapy may deteriorate the motor function of the paretic side itself by disrupting the ipsilateral motor projections that are enhanced after stroke \[[@B43]--[@B45]\]. However, the ipsilateral motor projections are insufficient to support motor recovery, especially for distal muscles because the distal muscles are primarily innervated by contralateral corticospinal projections \[[@B46]\], whereas ipsilateral motor projections to the distal muscles are scarce \[[@B47]\]. Therefore, it is unlikely that inhibitory NIBS over the unaffected hemisphere deteriorates the motor function of the paretic side, particularly the distal side. However, activation of ipsilateral motor projections has been suggested to be beneficial for trunk muscle movement and children \[[@B48]--[@B50]\]. Therefore, future studies on inhibitory NIBS are needed to clarify the possible risk of deterioration in trunk muscle movement or motor function in children. Finally, it was noted that inhibitory NIBS reduces the interhemispheric inhibition that controls bimanual movement \[[@B51], [@B52]\]. In fact, a recent study reported that inhibitory rTMS over the unaffected hemisphere deteriorated the performance in the antiphase bimanual tapping task in stroke patients \[[@B42]\]. Therefore, inhibitory NIBS may deteriorate bimanual movement by reducing the interhemispheric inhibition that controls bimanual movement ([Figure 2(a)](#fig2){ref-type="fig"}).

3.2. Excitatory NIBS over the Affected Hemisphere {#sec3.2}
-------------------------------------------------

Although excitatory NIBS over the affected hemisphere has the advantage that it does not inhibit the stimulation site, its effect is dependent on the anatomical changes in the affected hemisphere. Damaged brain tissue evolves into scar tissue and is replaced by cerebral spinal fluid (CSF) spaces (particularly in cortical damage); scar formation and large CSF spaces inhibit the effect of NIBS because the conductance of the CSF is 4 to 10 times higher than that of normal brain tissue \[[@B53], [@B54]\]. Therefore, careful modeling using a stereotactic system with integrated anatomical data is required to predict the effect of excitatory NIBS over the affected hemisphere \[[@B53]--[@B55]\]. Moreover, it was noted that excitatory NIBS over the affected hemisphere slightly deteriorated the dexterity of the paretic hand in some cortical stroke patients \[[@B30]\]. Although in excitatory NIBS over the unaffected hemisphere, the stimulation site is not in the affected hemisphere, it may be beneficial for some motor functions due to activation of ipsilateral motor projections. A recent study reported that excitatory NIBS over the unaffected hemisphere improved swallowing, which involves ipsilateral motor projections \[[@B41]\]. Therefore, excitatory NIBS over the unaffected hemisphere may improve trunk-muscle movement or motor function in children, which is strongly innervated by ipsilateral motor projections.

3.3. Optimal Stimulation Intensity for Inhibitory and Excitatory NIBS {#sec3.3}
---------------------------------------------------------------------

The frequency, intensity, and number of pulses are important factors for rTMS effects, and the amplitude and stimulation duration are important factors for tDCS effects. However, the most effective parameters for motor recovery after stroke remain to be elucidated. In healthy controls, several studies have reported that both inhibitory and excitatory NIBS with strong intensity and long duration (numerous numbers) more effectively induce neurophysiological changes \[[@B15], [@B56]--[@B59]\]. Some previous studies reported that excitatory NIBS over the affected hemisphere with insufficient stimulation power might not lead to motor recovery in stroke patients \[[@B20], [@B42]\]. Therefore, it is likely that excitatory NIBS with strong intensity, numerous numbers, and long duration are most effective for motor recovery. However, for inhibitory NIBS over the unaffected hemisphere, strong stimulation intensity may not necessarily be the best parameter for motor recovery. In rTMS studies of healthy controls, the 90% rest motor threshold (rMT), but not 115% rMT or 150% rMT, showed significant motor improvement ipsilateral to the stimulated hemisphere \[[@B60]--[@B62]\]. A subthreshold stimulation to the rMT may act via local inhibition of the stimulation site, whereas suprathreshold stimulation (115 or 150% rMT) may inhibit the stimulation site as well as the opposite homogenous motor cortex via interhemispheric inhibition. Activation of interhemispheric inhibition by suprathreshold stimulation may cancel out the facilitation effect on the contralateral motor cortex due to reduced excitability of the stimulated motor cortex, resulting in unchanged motor function. Therefore, for inhibitory NIBS over the unaffected hemisphere, excessive stimulation intensity may be ineffective for motor recovery in stroke patients.

4. Influence of Clinical Factors on the Effect of NIBS {#sec4}
======================================================

A few studies have clarified which stroke patients are more responsive to NIBS therapy \[[@B30], [@B63]\]. Therefore, we must estimate the effect of NIBS therapy for stroke patients from studies that revealed the mechanism of NIBS therapy. In this section, we will discuss whether age, stroke duration, lesion site, or severity of motor function loss affects NIBS therapy.

4.1. Age {#sec4.1}
--------

Age is an important factor for effect of NIBS therapy. It has been reported that NIBS could improve motor recovery in adults as well as children \[[@B64]\]. However, the corpus callosum is not formed until 6--8 years of age \[[@B65]\]. Therefore, it is unlikely that inhibitory NIBS over the unaffected hemisphere will improve the motor function of the paretic side in children younger than 6--8 years, because inhibitory NIBS improves motor recovery by reducing the excessive interhemispheric inhibition to the affected hemisphere \[[@B18]\]. Moreover, the ipsilateral motor projections activated after stroke may assist motor recovery in children more than adults \[[@B49], [@B50]\]. Therefore, it should be noted that inhibitory NIBS over the unaffected hemisphere might be less effective or even harmful in young children. In addition, the long-term effect of excitatory NIBS in young children, particularly epileptic induction, remains to be determined \[[@B22]\]. Therefore, clinicians should be careful with NIBS therapy for young children with stroke. In addition, NIBS therapy might be less effective for elderly stroke patients \[[@B63], [@B66]\] because elderly patients have lower motor learning ability and neural plasticity induced by NIBS \[[@B66], [@B67]\]. However, a previous study has reported no correlation between motor improvement after NIBS and age \[[@B30]\], so future studies need to closely examine the effect of NIBS therapy on patients of various ages.

4.2. Stroke Duration {#sec4.2}
--------------------

It is important to determine whether NIBS therapy is more effective in the acute or chronic stage after stroke. If NIBS therapy is more effective in acute stages, early modulation of cortical excitability may facilitate motor recovery and prevent development of maladaptive neural plasticity by rebalancing interhemispheric communication and normalizing neural activity within the motor areas of both hemispheres. Although it has been reported that both inhibitory and excitatory NIBS facilitates motor recovery in stroke patients at the acute stage \[[@B26], [@B68]--[@B70]\], a recent study showed that inhibitory NIBS did not facilitate motor recovery in patients in acute stages of stroke \[[@B71]\]. Moreover, it is speculated that perilesional activity increases oxygen and glucose demands in the stroke penumbra and thus induces extension of the lesion \[[@B72], [@B73]\]. Therefore, any procedure increasing cortical excitability should be performed with caution during the acute stages after stroke \[[@B26]\]. Further investigations are required to determine whether NIBS in the acute stroke stage can promote the final motor function.

4.3. Lesion Site and Neural Network {#sec4.3}
-----------------------------------

The lesion site may also influence the effect of NIBS therapy. Several studies on excitatory NIBS over the affected hemisphere reported no difference in motor improvement between patients with subcortical and cortical stroke lesions \[[@B24], [@B33], [@B74], [@B75]\]. However, a study showed that excitatory NIBS over the affected hemisphere improved dexterity of the paretic hand in subcortical stroke patients but not in some cortical stroke patients \[[@B30]\]. As well as difference of behavioral change between subcortical and cortical stroke, excitatory rTMS over the affected hemisphere reduced neural activity of the contralesional motor cortex in patients with subcortical stroke but caused widespread bilateral recruitment of primary and nonprimary motor areas in patients with cortical stroke \[[@B30]\]. It may be too simple to distinguish stroke patients by cortical and subcortical lesion. However, the common target of both inhibitory and excitatory NIBS is ipsilesional motor cortex activation. Therefore, NIBS therapy might be less effective for cortical stroke patients, particularly in the ipsilesional motor cortex. The evaluation of corticospinal tract integrity also may be useful to predict the benefits of NIBS.

In addition to stroke lesion site, the pattern of neural network activation in both hemispheres may influence the effect of NIBS therapy for motor stroke patients. It was reported that good responders for inhibitory NIBS over the unaffected hemisphere have hyperactive contralesional dorsal premotor cortex and contralesional parietal operculum before stimulation \[[@B35]\]. On the other hand, a previous study reported that ipsilesional motor cortex excitability in good responders for excitatory NIBS over the affected hemisphere is easily facilitated by moving the paretic hand before stimulation \[[@B30]\]. Therefore, identifying patients based on individual patterns of cortical activation may help select patients most suited for NIBS therapy after stroke.

4.4. Severity of Motor Function Loss {#sec4.4}
------------------------------------

It is unknown whether the effect of NIBS therapy on stroke depends on the severity of motor function loss. Most NIBS studies in stroke focused on patients with mild or moderate motor deficits that had recovered enough to perform required motor function tests. Favorable motor recovery is achieved if patients can perform motor training by themselves to sustain the effect of NIBS, because it is important to perform motor training after NIBS for continuous motor improvement \[[@B25]\]. However, a previous case study reported that stroke patient with severe hemiparesis could move the hand after NIBS therapy \[[@B76]\]. In addition to motor improvement, NIBS therapy may ameliorate the paretic side spasticity \[[@B77], [@B78]\]. Therefore, if not contraindicated for other reasons, NIBS therapy may be worth trying in stroke patients with severe hemiparesis.

Most studies with NIBS therapy have focused on the upper limbs \[[@B18], [@B20], [@B23]--[@B26]\] and the effect of NIBS on the lower limbs of stroke patients has been rarely tested. Recent studies reported that excitatory tDCS over the affected hemisphere improves knee extensor strength and motor training effect in ankle tracking tasks in stroke patients \[[@B79], [@B80]\]. To our knowledge, there are no studies showing that inhibitory NIBS can improve paretic lower limb motor function in stroke patients. However, in a previous study, inhibitory rTMS over the unaffected motor cortex increased corticospinal excitability of the paretic lower limb \[[@B81]\]. Therefore, inhibitory NIBS over the unaffected hemisphere may also improve the motor function of the lower limb. However, compared to the hand motor area, the lower limb area has fewer inhibitory circuits \[[@B82], [@B83]\]. Thus, the effect of inhibitory NIBS for lower limbs might be different from those for upper limbs. It is noted that inhibitory NIBS for the lower limb may inhibit the affected hemisphere itself, because the lower limb motor cortices on either side of the mid-sagittal fissure are closer than the upper limb cortices. Future studies should be conducted to elucidate whether focal inhibitory NIBS over the unaffected hemisphere improves motor function in the lower limb.

5. Combination of NIBS with other Therapies and Bilateral NIBS {#sec5}
==============================================================

Various neurorehabilitation strategies are emerging to enhance beneficial plasticity and improve motor recovery \[[@B4]--[@B6]\]. As mentioned above, NIBS can modulate cortical excitability, so NIBS might be an adjuvant therapy for developed neurorehabilitation strategies. Moreover, recent studies have reported modified NIBS methods to promote motor recovery \[[@B20], [@B42], [@B84]--[@B86]\]. In this section, we will discuss the combination of NIBS with neurorehabilitation techniques and recent bilateral NIBS methods.

5.1. Combination of NIBS with Other Therapies {#sec5.1}
---------------------------------------------

Several studies showed that the combination of NIBS with specific neurorehabilitation techniques improved motor recovery. Preliminary studies have reported the combination therapy of NIBS with robotic motor training after stroke \[[@B87], [@B88]\]. A controlled study reported that the combination of NIBS with neuromuscular stimulation showed more improvement in motor recovery than NIBS or neuromuscular stimulation alone \[[@B89]\]. In addition, it has been reported that combining NIBS with constraint-induced motor therapy (CIMT) had an additional effect on motor recovery \[[@B90]\]. In contrast, some controlled studies reported that the combining NIBS with CIMT or neuromuscular stimulation had no additional effect on motor recovery \[[@B91], [@B92]\]. The number of these combination studies is still small, and they are preliminary and controversial. Although it is likely that NIBS promotes the effects of developed neurorehabilitation strategies for stroke patients, future studies are required to determine the appropriate combination of methods for motor recovery. As another potential strategy, the combination of NIBS with pharmacotherapy may facilitate motor recovery in stroke patients. Several studies have shown that pharmacologic agents can modulate neural excitability in response to NIBS techniques \[[@B66], [@B93]\]. In healthy controls, the main drugs that increase the effects of NIBS are *N*-methyl-d-aspartate receptor agonists \[[@B94]\], levodopa \[[@B95]\], dopamine agonists \[[@B96], [@B97]\], nicotine \[[@B98]\], amphetamine \[[@B99]\], and selective serotonin reuptake inhibitors \[[@B100]\]. However, it is unclear how these drugs influence neural excitability in response to NIBS in stoke patients. Further, we must consider the possibility that the response to pharmacological approaches is different between stroke patients and healthy controls \[[@B66]\].

5.2. Bilateral NIBS {#sec5.2}
-------------------

As mentioned above, the common aim of inhibitory and excitatory NIBS is activation of the ipsilesional motor cortex and rebalancing both hemispheres. Therefore, considering the interhemispheric competitive model, it may be more suitable for motor recovery to stimulate both hemispheres using inhibitory and excitatory NIBS. Several recent studies have reported that compared to unilateral NIBS, simultaneous bilateral NIBS using rTMS and tDCS improves motor recovery more effectively in stroke patients \[[@B42], [@B85], [@B86]\]. Moreover, bilateral NIBS using rTMS induces disinhibition of ipsilesional motor cortex that contributes to neural plasticity by unmasking latent networks \[[@B20]\]. Therefore, bilateral NIBS may more effectively facilitate neural plasticity and induce motor recovery after stroke.

In addition to motor recovery, bilateral NIBS can protect against the deterioration of bimanual movement caused by inhibitory NIBS over the unaffected hemisphere. Inhibitory NIBS might worsen the antiphase bimanual movement by reducing the interhemispheric inhibition that controls bimanual movement \[[@B42]\]. However, a combination of inhibitory NIBS over the unaffected hemisphere and excitatory NIBS over the affected hemisphere could prevent this deterioration by decreasing the reduction of interhemispheric inhibition ([Figure 2(b)](#fig2){ref-type="fig"}) \[[@B42]\]. It has been suggested that activation of inhibitory interneurons in the affected hemisphere by excitatory NIBS may limit the reduction of interhemispheric inhibition from the unaffected to the affected hemisphere in bilateral NIBS protocols \[[@B42]\]. Therefore, clinicians can consider bilateral NIBS for effective motor recovery and prevention of bimanual movement deterioration.

6. Conclusion {#sec6}
=============

This paper focused on the underlying mechanisms of and future views on NIBS therapy in an effort to suggest approaches for appropriate cortical reorganization in stroke patients. Considering the interhemispheric competition model, improvement in motor deficits can be achieved by increasing the excitability of the affected hemisphere using excitatory NIBS or decreasing the excitability of the unaffected hemisphere using inhibitory NIBS. Artificially modulating the neural network by NIBS may induce a more suitable environment for experience-dependent plasticity and interfere with maladaptive neural activation, which weakens motor function and limits motor recovery. Based on the current data, the best NIBS technique is still unclear. However, clinicians should select the NIBS type by considering the peculiarities and recent findings for NIBS therapy. The response of inhibitory NIBS over the unaffected hemisphere may be uniform, but it may deteriorate bimanual movement by reducing interhemispheric inhibition. Excitatory NIBS over the unaffected hemisphere may improve motor function for muscles that are strongly innervated by ipsilateral motor projections. The bilateral NIBS method may facilitate motor recovery more than unilateral NIBS and prevent the bimanual movement deterioration caused by inhibitory NIBS. Moreover, clinicians must consider that clinical factors, including age, stroke duration, lesion site, and severity of motor function loss, may influence the effects of NIBS therapy. NIBS can be applied as an adjuvant therapy with emerging neurorehabilitation strategies to enhance neural plasticity. However, very few of all possible combinations of NIBS and neurorehabilitation techniques have been tested experimentally. In addition to studies on optimum NIBS parameters, studies on combining NIBS with developed neurorehabilitation techniques to promote motor recovery after stroke should be conducted in the future.
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![Mechanism of noninvasive brain stimulation therapy in stroke patients. Noninvasive brain stimulation (NIBS) increases ipsilesional primary motor cortex excitability and improves motor function of the paretic side by ameliorating impaired experience-dependent plasticity in stroke patients. NIBS reduces hyperactivity in the primary and nonprimary motor cortices in the unaffected hemisphere and neural coupling of both hemispheres. Moreover, NIBS enhances neural coupling between the primary and nonprimary motor cortices in the affected hemisphere. In addition to facilitation of the ipsilesional primary motor cortex, excitability modulation in both hemispheres, and reconstructed neural coupling between the primary and nonprimary motor cortices in the affected hemisphere after NIBS contribute to motor recovery in stroke patients.](SRT2012-584727.001){#fig1}

![Mechanism and prevention of bimanual movement deterioration by NIBS in stroke patients. (a) Inhibitory NIBS over the unaffected hemisphere. Inhibitory NIBS decreases excitability of the contralesional motor cortex and increases excitability of the ipsilesional motor cortex by reducing interhemispheric inhibition from the unaffected to the affected hemisphere. Antiphase bimanual movement deteriorates due to the reduction in interhemispheric inhibition, which controls bimanual movement. (b) Bilateral NIBS. Excitatory NIBS, along with inhibitory NIBS, decreases excitability of the contralesional motor cortex and increases excitability of the ipsilesional motor cortex. However, bilateral NIBS limits the reduction in interhemispheric inhibition induced by inhibitory NIBS and prevents antiphase bimanual movement deterioration. Modified from Takeuchi et al. \[[@B42]\].](SRT2012-584727.002){#fig2}
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